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KSAAbstract Carbon monoxide (CO) toxicity is one of the common types of poisoning, and the aim of
this study is to evaluate CO poisoning during 2004–2013. The study was based on autopsy samples
sent to the forensic chemistry laboratory in Dammam during the study period. The ﬁndings showed
that 68 out of 894 autopsy cases were diagnosed as acute CO toxicity; 91% of the cases were clas-
siﬁed as accidental; 83% of cases were male while only 11% were female. The highest rate was in the
winter months (50%), and highest age group was between 40 and 50 years, followed by 31–40. The
average carbon monoxide percentage was 49%. Carbon monoxide toxicity in Dammam is not a
very common occurrence; however, this study may help control and prevent carbon monoxide toxi-
city for protection of the society.
ª 2014 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Carbon monoxide (CO), was detected as a minor constituent
of Earth’s atmosphere in 1994. The concentration was estimat-
ed to be 100 ppb and it is considered to be a major pollutant
after carbon dioxide.1
The endogenous carboxy-haemoglobin (COHb) level in the
body is about 0.5% due to Hb catabolism and exposure to
global background levels. This level varies among individuals
depending on physiological differences and basal metabolic
levels.2In a normal non-smoker the average is about 1%, rising to
15% in a heavy smoker. Levels of 5% are found in haemolytic
anaemias and pregnancies.3
Carbon monoxide poisoning is a major cause of death
worldwide. In the United States approximately 2700 fatalities
occur annually3 while in Britain, each year about 50 people
die and 200 are severely injured after exposure.4
It is known to be a silent killer since it is colourless, odour-
less, and non-irritating but it is a highly toxic gas. It is produced
from incomplete combustion of hydrocarbons. Victims could
be exposed to this gas from different sources, including car
exhaust fumes, home water heaters and tobacco smoke. Other
rare circumstances of fatal CO poisoning were reported such as
death after incomplete burning of woods in faith healing prac-
tices.5 Deaths in majority are accidental; however, other man-
ners of deaths like suicidal and homicidal were also reported.ll rights
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Carbon monoxide toxicity 37As carbon monoxide gains access to the blood, it is rapidly
attracted to Hb with an afﬁnity of about 220–240 times more
than that of oxygen. This leads to a shift to the left of the oxy-
gen–Hb dissociation curve with less release of oxygen (O2) to
tissues. This ends with functional anaemia and systemic hypox-
ia that is incompatible with life.6 COHB concentration in
blood is cumulative over time and prolonged exposure to
low concentrations can lead to poisoning.7 The clinical fea-
tures and signs are often non-speciﬁc and subtle and may be
wrongly diagnosed. Death most of the time occurs within
24 h after exposure.
Certain autopsy features can be detected in victims if they
survive for some time after poisoning. These include neuro-
anatomical injury; where the white matter is damaged, atrophy
of the globus pallidus, hippocampus, thalamus and cortical
atrophy.8 Cardiac manifestations include ischaemic ECG
changes, and elevated cardiac biomarkers (creatinin kinase
MB, troponin).9
The aim of this study is to analyse cases of fatal carbon
monoxide poisoning that were reported in the Forensic
Medicine Center in the area of Dammam, Saudi Arabia, from
the period of January 2004 to December 2013. Determining
the circumstances surrounding CO deaths could help in taking
preventive measures to minimize and remove any chance of
CO poisoning.winter
summer
spring
autumn
Fig. 3 Seasonal variation.2. Study design and methodology
A retrospective study was conducted by reviewing all death
charts at the Forensic Medicine Center in Dammam from
2004 to 2013. Deaths related to carbon monoxide poisoning
were recognized from police reports, scenes of death, autopsy
reports and toxicological reports. Levels of COHb were
reviewed in each case and a level of less than 25% was exclud-
ed from the study and considered unrelated to death. Selected
variables included sex, age, manner of death, place of death,
source of carbon monoxide and the season at which the death
occurred. The data were processed and entered for data analy-
sis using SPSS program version 16. The institutional review
board of the Forensic Medicine Center in the Eastern Province
approved the study.
3. Results
In the study period between 2004 and 2013, there were 984
death charts. Charts of deaths that are related to CO were
reviewed and in 78 charts, blood was tested and found to be
positive for CoHb. The level of COHb ranged between 15%
and 77%. Ten cases were excluded from the study as the level
of COHb was below 25%, which was considered non-fatal;
hence the total fatalities were 68. The rate of CO fatalities
increased in the study period with the maximum incidence in
2013 (Fig. 1). Males predominate with 82% of cases. The high-
est number of deaths was in middle aged victims between 41
and 50 years of age (Fig. 2). The vast majority (91%) of deaths
were classiﬁed as accidental, 6% suicide and 3% homicide.
Regarding seasonal variation, 50% occurred during winter fol-
lowed by 20% in summer, and autumn and spring had 15%
each (Fig. 3). Fire was the source of CO in 64% cases, charcoal
briquette in 18%, and car exhaust in 9% and other sources
were 9%. Regarding where the incidents took place, it wasobserved that 88% of the cases occurred in the home, while
12% occurred in the work place. Ethanol was detected in 5
cases, cannabis in 2 cases and in one case both ethanol and
cannabis were present.
4. Discussion
This study showed a predominance of males, which goes along
with two other studies of unintentional deaths due to CO poi-
soning in UK and Michigan10,11 while it is opposite to that of a
study in Morocco that showed a dominance of females.12 The
higher number of males in this study could be explained by the
pre-dominance of male deaths that are recorded in the center.
Males also predominate in certain circumstances like CO poi-
soning from car exhausts. A study showed that 12% of such
victims either were divorced or going through a divorce.13,14
38 M. Aldossary et al.This was the circumstance in some reported cases of car
exhaust deaths in this study. However, death due to car
exhaust as a source of CO could be accidental and this was
reported in some of the cases in our study. Defects in the
exhaust system account for some of these accidental cases.15
Deaths occurred most of the time during the winter months
of the year and this correlates with other studies where deaths
related to CO poisoning were reported more often in cold
weather.10 In winter, there is an increased use of heating appli-
ances that produce CO as a product of incomplete combus-
tion. This also explains the predominance of accidental
manner in the form of ﬁre related deaths. This ﬁnding corre-
lates with a study in Turkey.16
The level of detected COHb ranged between 15% and 77%.
The severity of poisoning depends on the concentration of
inspired CO, length of exposure and the general health status
of the individual. Less than 10% of COHb gives no symptoms
while 10–30% leads to headache and mild exertional dyspnoea
after acute exposure.7 Fatalities can take place when COHb is
more than 40%. In patients with cardiac failure, lower levels of
about 30% can be fatal.15
The highest number of deaths was in the middle age range
of 41–50 years old in contrast to a study in USA, and another
in UK where deaths occurred in younger and older age
groups.10,11 In Portugal, the majority fell in the age group of
50–60.17 A study of unintentional CO fatalities in Michigan
correlated the circumstances of death of the elderly age group
mostly with faulty home heating while of the young with car
exhaust related deaths.
Most of the CO deaths occurred at home which could be
due to lack of regulations by the civil defense that should
require the presence of smoke detectors and ﬁre extinguishers
in the home, though these things are considered a must in com-
mercial buildings.
5. Conclusion
CO causes dangerous poisoning which leads to rapid death.
The number of fatal cases in this study is low compared to
other causes. However, it is preventable. Preventive measures
can be taken to minimize accidental deaths that represent the
majority in this study such as increasing awareness about
CO being a dangerous gas that can be emitted during burning,
and educating people about the need of good ventilation with
the use of charcoal for heating. Since regulations to pre-vent
ﬁre hazards are not yet set, people need to know the impor-
tance of having ﬁre extinguishers, and smoke detectors, which
should be checked every 6 months.
Suicide with CO from car exhaust declined after the intro-
duction of car emission control in 1960 in the US.9 However, it
is unknown whether this will decrease the total number of sui-
cides as those intending persons usually ﬁnd another method
to end their lives.
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